Psychological depression is an independent risk factor for coronary artery disease. C-reactive protein has been implicated as a mediator of the effect of psychological depression. Several studies have found that individuals, especially men, who report higher levels of psychological depression also have higher levels of C-reactive protein. The current study was undertaken to replicate these results in a Brazilian population, in which there is a much wider range of variation in both background characteristics (such as socioeconomic status) and coronary artery disease risk factors. A sample of 271 individuals was interviewed using the Center for Epidemiological Studies Depression Scale. Fasting blood samples were obtained and evaluated for Creactive protein (assessed by a turbidimetric immunoassay using a Dade Behring kit) analysis in a subsample (N = 258) of individuals. The mean ± SD C-reactive protein for the entire sample was 0.43 ± 0.44, with 0.42 ± 0.48 for men and 0.43 ± 0.42 mg/L for women. Data were analyzed using multiple regression analysis, controlling for age, sex, body mass index, socioeconomic status, tobacco use, and both total cholesterol and low-density lipoprotein cholesterol. Higher reported depressive symptoms were correlated with higher C-reactive protein for men (partial r = 0.298, P = 0.004) and with lower C-reactive protein for women (partial r = -0.154, P = 0.059). The differences in the associations for men and women could be a result of differential effects of sex hormones on stress reactivity and immune response. On the other hand, this difference in the associations may be related to gender differences in the disclosure of emotion and the effect that selfdisclosure has on physical health and immune response.
Results from several large-scale prospective studies have shown that psychological depression, either in terms of the clinical diagnosis of depression or elevated depressive symptoms on a screening tool, is a risk factor for acute coronary artery disease, and this risk is independent of standard risk factors (e.g., total cholesterol (TC), systolic blood pressure, smoking). For example, using the Center for Epidemiological Studies Depression Scale (CES-D), Rowan et al. (1) found that a one standard deviation increase in depressive symptoms was associated with a 32% increase in the risk of a coronary event in the Nova Scotia Health Survey. In an Italian study, Marzari et al. (2) observed a doubling of risk associated with depressive symptoms. Meta-analyses of prospective population studies of coronary artery disease have found an aggregated relative risk of 1.64 between high depressive symptoms and subsequent development of coronary artery disease (3) .
A number of studies have attempted to elucidate the mechanism underlying this risk, and one promising finding is the association between C-reactive protein (CRP) and depression. Elevated levels of CRP (e.g., >10.0 mg/L) are present during phases of acute inflammation, but studies of coronary artery disease have focused instead on chronic, low-level inflammation. This chronic inflammation is associated with coronary events in persons with unstable angina and with lower survival rates in these patients (4) . This has led to the hypothesis that chronic, low-grade inflammation can be implicated in the process of atherosclerosis. It has been suggested that this chronic inflammation contributes to plaque formation and the deposit of plaque on the artery wall. Several studies have found that higher levels of depressive symptoms are associated with higher levels of CRP, especially in men (5) (6) (7) . CRP thus may represent the physiologic link in this psychobiological process.
The aim of the present study was to determine if the association between depressive symptoms and CRP can be detected in a Brazilian population. Such a study is important for a number of reasons, not the least of which is that within the Brazilian society there is much greater variability in a number of factors (including variability in socioeconomic status and the consumption of dietary fat) that might influence the risk of coronary artery disease. Given this greater range of variability, is it possible to still detect the association of depressive symptoms and CRP?
Data were collected in a community study of cardiovascular disease risk factors conducted in Ribeirão Preto, Brazil, a city of approximately 500,000 inhabitants in the State of São Paulo. To insure that a suitable range of variability in the city was studied, we sampled four neighborhoods that can be ranked along a continuum of socioeconomic status. The poorest neighborhood (which can be referred to as the lower class neighborhood) originally had been a favela (or squatter settlement), but was transformed when the population of the neighborhood was moved by the municipality to a housing project. The second neighborhood was a classic conjunto habitacional (or state-sponsored planned community) that was developed in the late 1980's, and has grown since into a large and stable lower middle-class neighborhood. The third neighborhood was a traditionally middle-class area in the city and the fourth neighborhood was a recently developed upper-middle class neighborhood attractive to professionals and business persons. These neighborhoods have been described in greater detail elsewhere (8) .
Complete enumeration of occupied households based on municipal services was obtained for each neighborhood, and simple random samples of households were selected (40 in each neighborhood). Residents first received letters describing the research, and then a visit from a research assistant to describe the research in more detail and to obtain written informed consent. The research protocol was approved by the Institutional Review Board for the Protection of Human Subjects of The University of Alabama, and by the Ethics Committee of the Faculty of Medicine, University of São Paulo, Ribeirão Preto, SP, Brazil. Both the head of household and spouse, and one child over the age of 18 years, were invited to participate in the research. If all members of a household refused participation, a new household was substituted at random. There were 271 persons who participated in the study, representing a total response rate of 72.3%. No sample weights were used in the research because the primary aim was to maximize the internal validity of the study, and not to estimate population parameters.
Each respondent was interviewed four times. In the first interview, we collected demographic, sociocultural, and psychological data. The second and third interviews consisted of 24-h dietary recall interviews. One of these interviews was always conducted on a Monday, in order to capture eating patterns over the weekend. The other was conducted on other days of the week. The fourth interview was used to collect clinical data, including anthropometric data, arterial blood pressure, and a fasting blood sample. The sample size for this analysis is limited by the number of people for whom CRP was analyzed (N = 259).
CRP was measured by a turbidimetric immunoassay using a Dade Behring (Deerfield, IL, USA) kit (Flex reagent cartridge Ref. DF34). All determinations were carried out in two assay batches using the same kit. For the assays, standards provided by the manufacturer were used and calibration for each assay utilized doses of 0.0, 2.00, 4.00, 12.00, and 26.00 mg/dL CRP. The coefficient of variation within assays was 2%, and the sensitivity of the method was 5%.
Age (in years), body mass index (BMI; kg/m 2 ), and a summary measure of socioeconomic status (SES) were used as control variables. Heights and weights used to calculate BMI were collected with a clinical scale accurate to within ± 100 g and ± 0.5 cm. SES is a composite variable of family income (in minimum salaries per month), highest level of schooling achieved by the respondent (in years), and occupational status (coded according to the method of Pastore) (9) . The composite was calculated as the first principal component score of these variables. Tobacco use was coded as a dichotomy (not currently using = 0; currently using = 1).
Sex was originally coded as female = 0 and male = 1. Depressive symptoms were assessed using the CES-D, translated into Brazilian Portuguese and validated by da Silveira and Jorge (10) . This is a 20-item scale of common symptoms of depression, and respondents are asked to indicate the frequency of those symptoms over the preceding two weeks. Additionally, TC was obtained by an enzymatic procedure (Roche Diagnostic GmbH, Mannheim, Germany) using a Cobas Mira S autoanalyzer (Roche), and low-density lipoprotein cholesterol (LDLc) levels were estimated by the method of Friedewald et al. (11) . Table 1 shows descriptive statistics for all variables included in the analysis for the sample as a whole, and broken down by sex and neighborhood. The large difference in SES indicates that the sampling strategy to enhance variability in the sample was successful. Also, inspecting the descriptive statistics revealed one case, a woman, with a CRP level of 12.0 mg/L. This is probably indicative of an active localized infection, and this case was dropped from the analysis, leaving a total of 258 cases for analysis.
To examine the association of depressive symptoms and CRP, hierarchical multiple regression analysis was used. Also, because previous research has found a difference in the association for males and females, a cross-product term to test for the interaction of sex and depressive symptoms was included, using the method of Cohen and Cohen (12) . Sex was converted to contrast codes (females = -1 and males = +1), depressive symptoms were converted to z-scores, and a cross-product term was formed by multiplying sex x depressive symptoms. Variables were entered into the analysis in sets in the following order: a) age, BMI, tobacco use, and SES; b) sex, depressive symptoms, and the cross-product term, and c) TC or LDLc (in separate analyses). The following results were obtained (reporting standardized or ß-weights): age (ß = 0.020, n.s.); BMI (ß = cated three influential cases (two with large leverage values and one with a large studentized deleted residual). But the results remained substantially the same when these cases were deleted.
The pattern of the statistical interaction effect between sex and depressive symptoms is shown in Figure 1 (CRP was adjusted for age, BMI, SES, and LDLc using linear regression). For men, there was a statistically significant correlation between higher depressive symptoms and higher CRP (P = 0.004); as depressive symptoms in-0.315, P < 0.001); SES (ß = -0.168, P < 0.01); tobacco use (ß = 0.013, n.s.); sex (ß = -0.020, n.s.); depressive symptoms (ß = 0.108, n.s.); sex x depressive symptoms (ß = 0.236, P < 0.001), and, when entered, TC (ß = 0.091, n.s.) or when entered, LDLc (ß = 0.127, P = 0.055). For each model, the multiple R was 0.455 (P < 0.001).
Additional analyses were carried out. Substituting abdominal circumference for BMI, or using log-transformed values of CRP, made no substantive difference in the results. Influential case analyses (12) indi- Data are reported as mean ± SD or as percent. *Differences in these parameters between neighborhoods are significant (P < 0.05, ANOVA). **Differences in these parameters between men and women are significant (P < 0.05, ANOVA). + Differences in these parameters between neighborhoods are significant (P < 0.05, chi-square test).
crease, CRP also increases. For women, this correlation was weakly inverse and achieved borderline statistical significance (P = 0.059).
The results obtained here replicate those obtained in other studies in other societies. First, there was an association between depressive symptoms and CRP. Second, this association was positive for men, and weakly inverse for women. Third, this association was statistically independent of other factors, especially BMI, SES, and LDLc, that might affect the association. It can be suggested, therefore, that in this Brazilian population, depressive symptoms may increase the risk of coronary artery disease for men by increasing the likelihood of a chronic, low-grade, systemic inflammation.
The psychophysiologic pathway by which depressive symptoms influence CRP is probably through the hypothalamic-pituitary-adrenal (HPA) axis. Many, but not all, forms of depression are accompanied by an increase in circulating levels of corticosteroids, and, through a heightened sensitivity to stressful events, by elevated catecholamine levels, both of which can stimulate release of cytokines, especially the pro-inflammatory interleukin 6. Interleukin 6 in turn is an important inducer of CRP by the liver. Along with stress-induced changes in the artery walls mediated by elevated blood pressure, this process can promote the deposit of plaques on the artery wall (13) . It is important to emphasize, however, that the effects of stressors and mood states are neither universally suppressive nor stimulating with respect to the immune system. A better concept is one of "immune dysregulation", in which stressors and affective responses to those stressors can lead to complex interactions among the HPA axis, the central nervous system, and affected target organs and systems (14) .
What complicates this argument is that the association of depressive symptoms and CRP is different for men and women. There may be an interaction of sex hormones with the HPA axis that affects this process (15) .
At the same time, there may be sociocultural factors intervening as well. A widely replicated observation in the study of depressive symptoms is the difference in symptom number and intensity expressed by women versus men, and a higher prevalence of clinical depression among women than among men (16) . This difference has been attributed to differences in the cultural appropriateness of expressions of affect-negative or positivebetween men and women. In many societies, the expression of emotion by women is considered to be socially and culturally more appropriate than is the expression of emotion by men (17) . This has been used to explain sex differences in depression; women may more readily admit to feelings, including the negative feelings of depression, than men. In Brazil, women report higher levels of psychological distress than men (18) , and there is some evidence of a particular intensity of the reported experience of emotion in Brazilian samples (19) .
This fact could help to explain the differ- ence in the association of depressive symptoms and CRP between men and women. A number of studies have demonstrated the beneficial effects of self-disclosure during times of stress. That is, persons who, during times of stress, express their distress consciously and verbally also suffer fewer repercussions of that stress, both psychologically and physiologically. Pennebaker (20) in particular has shown that persons who disclose the impact and meaning of stressful events suffer fewer negative physical consequences. Perhaps for women, the cultural acceptance of their expressions of emotion in depression helps to blunt the impact of that emotion through the HPA axis, resulting in turn in better functioning of the immune system and less chronic inflammation. For men, on the other hand, the culturally sanctioned suppression of emotion may result in increased stress, chronic systemic inflammation, and a greater risk of atherogenesis. Note, too, that in our data, men are not spontaneously reporting the experience of depressive symptoms, but rather are responding to a series of questions in a research setting. It is likely that many of our male respondents would not spontaneously discuss their feelings. This of course is speculative, but it is consistent with what is known about differences in the expression of emotion between men and women, and the positive effects of self-disclosure. It should be noted, however, that the cross-sectional nature of our findings does not allow us to distinguish between the effects of depression on CRP and the effects of CRP on depression, although discussions in the literature consistently emphasize the direction of causation as depression to CRP.
There are a number of methodological issues that could affect the findings. First, different interviewers might be more effective in eliciting reports of depressive symptoms from respondents, and if these respondents in turn differed in CRP, the results could be spurious; however, there were no differences in symptom reports between the two interviewers in the study, nor did they interview different proportions of men and women. Second, as noted above, we do not have a simple random sample of the population, but rather a stratified random sample designed to insure the inclusion of higher income respondents. This could possibly affect the estimate of the relationship between CRP and depressive symptoms in the population; however, our aim here was not to estimate population parameters, but rather to employ a sample that would be more effective in taking into account the wellknown socioeconomic variability in Brazilian communities and hence provide a stronger test of the hypothesis by insuring the representation of upper-income groups. We did, however, replicate these analyses using sample weights based on the income distribution in the study community, in order to adjust the sample statistically to resemble more the overall population. There were no differences in the results using these sample weights. Nevertheless, it would be useful to repeat this study in samples designed to be more broadly representative of the overall population.
What these findings help to underscore is the importance of the social environment and cultural factors in the production of cardiovascular disease. As we have shown elsewhere, persons who are less successful in meeting widely shared cultural expectations -a factor we refer to as "cultural consonance" -also are at a much higher risk of psychological depression (8) . Our results here and in other papers thus suggest a process in which atherosclerosis and the risk of acute coronary artery disease start "upstream" in the adaptation of the individual to his social and cultural environment. The individual who is less culturally consonant is at higher risk of experiencing more symptoms of depression, and, we hypothesize, if he is inhibited from expressing that emotion be-cause of cultural expectation, he is, in turn, at a higher risk of chronic systemic inflammation, ultimately increasing the risk of atherosclerosis and a coronary event. On the other hand, expressing emotion may be associated with a different physiologic representation of that emotion that reduces the risk of chronic inflammation and a subsequent coronary event. This is, in other words, a truly biocultural process. The results presented here help to round out our understanding of the steps in this process, from the societal to the molecular.
